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Experimental Section. 
 
General Considerations. All manipulations were carried out using standard Schlenk or 
glove-box techniques under a dinitrogen atmosphere. Unless otherwise noted, solvents 
were deoxygenated and dried by sparging with Ar followed by passage through an 
activated alumina column from S.G. Water (Nashua, N.H.). Nonhalogenated solvents 
were tested with a standard purple solution of benzophenone ketyl in THF to confirm 
effective oxygen and moisture removal. Deuterated solvents were purchased from 
Cambridge Isotopes Laboratories, Inc. and were degassed and stored over activated 3-Å 
molecular sieves prior to use. Elemental analyses were performed by Columbia Analytics 
(Tucson, AZ) and Midwest Microlab (Indianapolis, IN).  
 
NMR and IR Spectroscopy. Both Varian 300 MHz and 500 MHz spectrometers were 
used to record the 1H NMR and 31P NMR spectra at ambient temperature, and a Varian 
500 MHz spectrometer was used to record 15N NMR spectra. 1H chemical shifts were 
referenced to residual solvent, and 31P NMR chemical shifts were referenced to 85% 
H3PO4 at δ = 0 ppm. All 
15
N NMR spectra are externally referenced to neat H
3
CC
15
N (δ = 245 
ppm) in comparison to liquid NH
3 
(δ = 0 ppm). The protons that correspond to the NxHy ligands 
described typically appeared as broad singlets or apparent doublets (14N and 15N respectively) in 
the 1H NMR spectra, with the half-height peak widths ranging from 13 – 20 Hz (digital resolution 
of 0.22 Hz). The half-height peak widths ranged from 14 – 22 Hz in the 15N NMR (digital 
resolution of 6.5 Hz). Solution magnetic moments were measured using Evans’ method.1  
IR measurements were obtained with a KBr solution cell or a KBr pellet using a Bio-Rad 
Excalibur FTS 3000 spectrometer controlled by Varian Resolutions Pro software set at 4 
cm-1 resolution.  
Electrochemistry. Electrochemical measurements were carried out in a glovebox under a 
dinitrogen atmosphere in a one-compartment cell using a BAS model 100/W 
electrochemical analyzer. A glassy carbon electrode and platinum wire were used as the 
working and auxillary electrodes, respectively. The reference electrode was Ag/AgNO3 
in THF. Solutions (THF) of electrolyte (0.4 M tetra-n-butylammonium 
hexafluorophosphate) and analyte were also prepared in a glovebox.  
 
X-ray Crystallography Procedures. Low-temperature diffraction data were collected on 
a Siemens or Bruker Platform three-circle diffractometer coupled to a Bruker-AXS Smart 
Apex CCD detector with graphite-monochromated Mo or Cu Kα radiation (λ = 0.71073 
or 1.54178 Å, respectively), performing φ-and ω-scans. The structures were solved by 
direct or Patterson methods using SHELXS3 and refined against F2 on all data by full-
matrix least squares with SHELXL-97.4 All non-hydrogen atoms were refined 
anisotropically. All hydrogen atoms (except hydrogen atoms on nitrogen) were included 
into the model at geometrically calculated positions and refined using a riding model. The 
isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U 
value of the atoms they are linked to (1.5 times for methyl groups).   
3 
 
The structures were refined using established methods.5 Several of the structures reported 
suffered from disorder in parts of the [PhBPR3] ligand and all of the structures showed 
disorder of solvent molecules (some over more than two independent positions). All 
disorders were refined with the help of similarity restraints on 1-2 and 1-3 distances and 
displacement parameters as well as rigid bond restraints for anisotropic displacement 
parameters. All close contacts, both inter and intramolecular, reported by the Platon 
validation software6 involve at least one partner from a minor component of a disorder. 
While it is conceivable that more components of the [PhBPR3] are disordered and 
parameterization of these disordered components would remove the close contacts, the 
data at hand did not allow for further modeling of the disorder. In spite of the relatively 
poor quality and resolution of the datasets and the severity of the ligand and solvent 
disorders, the diiron cores of 3, 4, 5, and 6 are surprisingly well determined. Even the 
hydrogen atoms on the iron-bound nitrogen atoms could be located in the difference 
Fourier synthesis and subsequently those H atoms were refined semi-freely with the help 
of distance restraints.  
 
The diiron core of 7 displays disorder of the two imides over three positions. The 
occupancies of the three components of this disorder were refined freely, while 
restraining their sum to be 2.0. The population distribution was found to be 
0.93:0.75:0.32 for N1:N2:N3. As NMR spectroscopy confirms the assignment of 7 as 
[PhBPPh3Fe]Fe2(µ-NH)2, we are confident in our procedure for modeling this core 
disorder. Despite the disorder, we were able to locate the hydrogen atoms on all three 
imide nitrogen atoms. As N3 is the least highly occupied component of the disorder, 
when mention is made to the angles or distances to the bridging nitrogen atoms in the 
main text, those that involve N3 are omitted. The distances between the most highly 
populated nitrogen (N1) and the two iron centers were found to be identical within 
experimental error. Therefore, in order to counteract correlation effects, we restrained all 
six independent Fe-N distances to be equal within a standard uncertainty of 0.02 Å. 
 
Starting Materials and Reagents. [PhBPR3Fe]Cl (R = Ph, CH2Cy),7 15N2H4,8 and 
Me2Mg9 were prepared according to literature methods. Pb(OAc)4 was purchased from 
Aldrich (99.999+%), purified as described in the literature,10 and recrystallized from cold 
THF to afford a white crystalline solid. All other reagents were purchased from 
commercial vendors and used without further purification. 
 
Synthesis of [PhBPPh3]FeMe, 1. Solid Me2Mg (0.5063 g, 9.310 mmol) was added to a 
stirring solution of PhBP3FeCl (1.0886 g, 1.4010 mmol) in 20 mL of benzene. After 2 h, 
the reaction was filtered through a Celite-lined frit, and the filtrate was lyophilized. The 
resulting powder was extracted into toluene, filtered through a Celite-lined frit, and the 
volatiles removed, to give 0.983 mg (93 %) of an analytically pure amber solid. 1H NMR 
(C6D6, 300 MHz): δ  47.2, 22.5, 20.7, 2.72, -12.7, -52.8 (bs), -106 (bs). Evans Method 
(C6D6): 5.1 B.M. UV-vis (C6H6) λmax, nm (ε, M-1 cm-1): 390 (sh, 1500), 345 (sh, 2640). 
Anal. Calcd. for C46H44BFeP3: C 73.04; H 5.86; N 0. Found: C 72.72; H 5.89; N 0.  
 
Synthesis of [PhBPCH2Cy3]FeMe, 2. A solution of MeLi in diethyl ether (1 mL, 0.075 
mmol) was added dropwise to a thawing solution of [PhBPCH2Cy3]FeCl (67.3 mg, 0.0749 
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mmol) in 7 mL THF. The reaction was stirred, and allowed to warm to room temperature, 
during which time it changed color from pale yellow to golden yellow. After 1.5 h, the 
volatiles were removed, and the solids were extracted into benzene, filtered through 
Celite, and lyophilized (56.0 mg, 85.1%). Crystals can be grown out of DME/THF at -35 
oC. 1H NMR (C6D6, 300 MHz): δ  82 (bs), 46.0 , 22.1, 20.0, 2.5, 0.8, 0.5, -0.3, -0.5, -1.0, -
6.8, -8.0, -17.5, -21 (bs), -23.0, -33 (bs), -39 (bs), -53 (bs), -126 (bs). Evans Method 
(C6D6): 5.6 B.M. UV-vis (THF) λmax, nm (ε, M-1 cm-1): 370 (1100), 300 (sh, 1200). Anal. 
Calcd. for C52H92BFeP3: C 71.23; H 10.58. Found: C 71.44; H 10.62.  
 
Synthesis of {PhBPPh3Fe}2(µ-η1:η1-N2H4)(µ-η2:η2-N2H2), 3. Complex 1 (0.983 mg, 
1.30 mmol) was dissolved in 15 mL of THF, and stirred. Anhydrous hydrazine (98 %, 
46.3 µL, 1.43 mmol) was added neat, which resulted in an immediate color change from 
amber to dark red with vigorous effervescence. After 5 min., the reaction was capped and 
allowed to stir for an additional 10 min. The volatiles were removed, to afford 
analytically pure solids (974.2 mg, 96.9 %). Crystals suitable for X-ray diffraction were 
grown by layering pentane onto a benzene solution. 1H NMR (C6D6, 300 MHz): δ  8.12-
8.30 (m, 14H), 7.719 (t, J = 7.48 Hz, 8H), 7.46 (t, J = 7.12 Hz, 4H), 7.2 (m, 4H), 6.91 (t, 
J = 7.12 Hz, 12H), 6.75 (t, J = 7.32 Hz, 4H), 6.66 (t, J = 7.12 Hz, 4H), 6.50-6.61 (m, 
20H), 2.829 (s, NH, 2H), 2.68 (s, NH2, 4H), 1.95 (d, J = 10.5 Hz, 8H), 1.57 (d, J = 12.3 
Hz, 4H). 1H NMR (d8-THF, 300 MHz): δ  2.59 (s, NH, 2H), 2.54 (s, NH2, 4H). All other 
resonances were as reported for C6D6. 31P{1H} NMR (C6D6, 300 MHz): δ  63.4 (d, 2JPP = 
53.3 Hz, 4P), 52.5 (t, 2JPP = 53.3 Hz, 2P). IR (KBr) (cm-1): 3316, 3299, 3225, 3140. UV-
vis (C6H6) λmax, nm (ε, M-1 cm-1): 355 (19000), 455 (sh, 2900), 566 (1840). Anal. Calcd. 
for C90H88B2FeP3N4: C 69.88; H 5.75; N 3.62. Found: C 69.4; H 5.6; N 3.5.  
 
A sample of 95% 15N-enriched 3 was synthesized using an analogous synthetic procedure 
with 15NH215NH2. 1H NMR (d8-THF, 500 MHz): δ  2.59 (d, 1JNH = 59.5 Hz, NH, 2H), 
2.54 (d,  1JNH   = 72.03 Hz, NH2, 4H). 31P{1H} NMR (C6D6, 300 MHz): δ  63.4 (d, 2JPP = 
53.3 Hz, 4P), 52.5 (dt, 2JPP = 53.3 Hz, JPN = 10.0 Hz, 2P). 15N NMR (d8-THF, 500 MHz): 
δ  58.37 (t,  1JNH  = 72.9 Hz, NH2, 2N), -10.02 (d, 1JNH = 64.5 Hz, NH, 2N). IR (KBr) (cm-
1): 3316, 3283, 3241, 3219, 3139. 
 
Synthesis of {[PhBPCH2Cy3]Fe}2(µ-η1:η1-N2H4)(µ-η2:η2-N2H2)2, 4. Neat hydrazine (98 
%, 2.8 µL, 0.082 mmol) was added to a stirring solution of 2 (71.2 mg, 0.081 mmol) in 6 
mL of THF. An immediate color change from yellow to dark pink was observed, with 
evolution of gas bubbles. After 20 min, the volatiles were removed, and the resulting 
solids were stored at -35 oC. Crystals suitable for X-ray diffraction were grown from a 
cold DME solution stored at -35 oC. 1H NMR (d8-THF, 500 MHz): δ  7.18 (d, J = 7.2 Hz, 
o-CH, 4H), 6.93 (t, J = 7.0 Hz, m-CH, 4H), 6.74 (t, J = 7.0 Hz, p-CH, 2H), 0.6 – 2.2 (m, 
160H), 0.75 (bs, 8H). 31P{1H} NMR (C6D6, 300 MHz): δ  64.9 (t, 2JPP = 57.8 Hz), 57.8 (t, 
J = 57.8 Hz). IR (KBr/THF) (cm-1): 3398, 3327 (br). UV-vis (THF) λmax, nm (ε, M-1 cm-
1): 420 (1600), 517 (1350).  
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A sample of 95% 15N-enriched 4 was synthesized using an analogous synthetic procedure 
with 15NH215NH2. No differences were observed in the 1H NMR spectrum. 15N NMR (d8-
THF, 500 MHz): δ  50.86 (t,  1JNH  = 68.9 Hz, NH2, 2N), 0.86 (d,  1JNH  = 45.2, NH, 2N).  
 
Synthesis of {[PhBPCH2Cy3]Fe}2(µ-η1:η1-N2H2)(µ-NH2)2, 5. Neat hydrazine (98 %, 5.8 
µL, 0.179 mmol) was added to a stirring solution of 2 (157.2 mg, 0.179 mmol) in 10 mL 
of DME. An immediate color change from yellow to dark pink was observed, with 
evolution of gas bubbles. After 5 min, the reaction was capped and allowed to stir for 36 
h, during which time a second color change to green was observed. The volatiles were 
removed to afford a grass-green powder (135.2 mg, 86.7 %). Crystals suitable for X-ray 
diffraction were grown from a cold DME/THF solution stored at -35 oC. 1H NMR (d8-
THF, 500 MHz): δ  16.209 (s, NH, 2H), 7.25 (d, J = 6.0 Hz, o-CH, 4H), 6.95 (t, J = 6.5 
Hz, m-CH, 4H), 6.76 (t, J = 6.5 Hz, p-CH, 2H), 0.8 – 2.6 (m, 168H), -1.05 (s, NH2, 2H), -
3.85 (s, NH2, 2H). 1H NMR (C6D6, 300 MHz): δ  15.96 (s, NH, 2H), -0.65 (s, NH2, 2H), -
3.60 (s, NH2, 2H). All other resonances were identical to those reported in d8-THF.  
 31P{1H} NMR (C6D6, 300 MHz): δ  45.6 (d, 2JPP = 51.6 Hz, 4P), 40.0 (t, 2JPP  = 51.6 Hz, 
2P). IR (KBr) (cm-1): 3273, 3234. UV-vis (THF) λmax, nm (ε, M-1 cm-1): 420 (5800), 699 
(9250). Anal. Calcd. For C102H184B2P6Fe2N4: C 68.60; H 10.39; N 314. Found: C 68.15; 
H 10.24; N 2.94.  
 
A sample of 95% 15N-enriched 5 was synthesized using an analogous synthetic procedure 
with 15NH215NH2. 1H NMR (d8-THF, 500 MHz): δ  16.21 (d,  1JNH  = 65.03 Hz, NH, 2H), 
-1.05 (d, J = 61.53 Hz, NH2, 2H), -3.85 (d, J = 59.53 Hz, NH2, 2H). 15N NMR (d8-THF, 
500 MHz): δ  419.1 (d,  1JNH  = 65.1 Hz, NH, 2N), 58.13 (t,  J = 59.5 Hz, NH2, 2N). IR 
(KBr) (cm-1): 3316, 3283, 3241, 3219.  
  
Synthesis of {PhBPPh3Fe}2(µ-η1:η1-N2H2)(µ-η2:η2-N2H2), 6. To a solution of 3 (0.264 
mmol) in 40 mL THF prepared in situ, a solution of Pb(OAc)4 (0.2570 g, 0.580 mmol) in 
10 mL THF was added over 2’, in the dark. The solution changed color from red to green, 
and evolution of gas bubbles was observed. After 3h, an aliquot of the reaction mixture 
showed ca. 66.6% conversion to the product by 31P NMR spectroscopy. An additional 
equivalent of solid Pb(OAc)4 (0.1124 g, 0.254 mmol) was added, and the reaction stirred 
an additional 12 h. The solution was then filtered through Celite, and the volatiles 
removed. The resulting solids were extracted into toluene, filtered, and the solution 
layered with pentanes and stored at -35 oC to afford crystalline solids (45.1 mg, 11%). 
The mother liquor was pumped down, dissolved in THF, and layered with pentanes to 
afford a second crop (88.1 mg, 22%). Crystals suitable for X-ray diffraction were grown 
by layering pentane onto a benzene solution. 1H NMR (C6D6, 300 MHz): δ  13.20 (s, 
HN=NH, 2H), 8.29 (d, 4H J = 7.5 Hz), 7.75 (t, 2H, J = 7.5 Hz), 7.42-7.61 (m, 12H), 7.06 
(bs, 8 H), 6.96 (t, J = 7.5 Hz, 12 H), 6.86 (t, 8H, J = 6.3 Hz), 6.64-6.80 (m, 16H), 6.48 (t, 
8H, J = 7.5 Hz), 4.16 (s, HN-NH, 2H), 2.11 (d, 8H, CH2, J = 36.0 Hz), 1.84 (d, 4H, CH2, 
J = 11.7 Hz). 31P{1H} NMR (C6D6, 300 MHz): δ  53.8 (d, 2JPP = 51.9 Hz, 4P), 44.4 (t, 
2JPP = 51.9 Hz, 2P). IR (KBr) (cm-1): 3320, 3224, 3210. UV-vis (C6H6) λmax, nm (ε, M-1 
cm-1): 423 (sh 2700), 480 (sh, 1520), 644 (2560). Anal. Calcd. for C90H86B2FeP3N4: C 
70.06; H 5.62; N 3.63. Found: C 70.10; H 5.72; N 3.21.  
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A sample of 95% 15N-enriched 6 was synthesized using an analogous synthetic procedure 
with 15NH215NH2. 1H NMR (C6D6, 500 MHz): δ  13.20 (d, 1JNH = 66.03 Hz,  HN=NH, 
2H), 4.161 (1JNH, J = 60.53 Hz, HN-NH, 2H). 15N NMR (C6D6, 500 MHz): δ  407.52 (dd,  
1JNH  = 69.2 Hz, J ≈ 20 Hz, HN=NH, 2N), 58.04 (d,  1JNH  = 58.14 Hz, HN-NH, 2N). 
31P{1H} NMR (C6D6, 300 MHz): δ  53.8 (d, 2JPP = 51.9 Hz, 4P), 44.4 (dt, 2JPP = 51.9 Hz, 
2JPN = 17.4 Hz, 2P). IR (KBr) (cm-1): 3307, 3217, 3202.  
 
Synthesis of {PhBPPh3Fe}2(µ-NH)2, 7. A solution of para-benzoquinone (0.0538 g, 
0.488 mmol) in 3 mL THF was added dropwise in the dark to a suspension of 5 (0.1510 
g, 0.098 mmol) in 15 mL THF. The reaction was stirred for 12 h, and was filtered 
through a Celite-lined frit, leaving behind purple solids. The volatiles were removed, and 
the resulting solids were rinsed with diethyl ether. The solids were extracted into THF, 
and layered with methylcyclohexane, to give amorphous solids (0.0350 g, 23.6%). 
Crystals suitable for X-ray diffraction can be grown via vapor diffusion of cyclopentane 
into a THF solution of 7. 1H NMR (C6D6, 300 MHz): δ  25.26 (s, 2H), 8.41 (d, 4H, J = 
6.0 Hz), 7.79 (t, 4H, J = 6.0 Hz), 755 (t, 2H, J = 6.0 Hz), 6.85 (d, 24H, J = 6.0 Hz), 6.77 
(t, 12H, J = 6.0 Hz), 6.57 (t, 24H, J = 7.5 Hz), 2.37 (bs, 12H). 31P{1H} NMR (C6D6, 300 
MHz): δ  32.5. IR (KBr) (cm-1): 3308, 3287. UV-vis (THF) λmax, nm (ε, M-1 cm-1): 336 
(sh, 10890), 448 (9190), 512 (sh, 6380), 602 (4120), 919 (2000). Anal. Calcd. for 
C90H84B2Fe2N2: C 71.42; H 5.60; N 1.85. Found: C 71.08; H 5.88; N 1.42.  
A sample of 95% 15N-enriched 7 was synthesized using an analogous synthetic procedure 
with 15NH215NH2. 1H NMR (d8-THF, 500 MHz): δ  25.04 (d, ׀1JNH  ׀ = 64.0 Hz, NH, 2H). 
15N NMR (d8-THF, 500 MHz) δ 563.5 (d, 1JNH = 64.6 Hz, NH, 2N). IR (KBr) (cm-1): 
3298, 3272.  
 
Toepler pump analysis of the reaction between 3 and excess para-benzoquinone. 
Solid 3 (0.3759 g, 0.2430 mmol) and excess para-benzoquinone (0.1367 g, 1.239 mmol) 
were added to a 100 mL RB flask fitted with a stir bar and a teflon plug. The vessel was 
cooled in a dry ice/acetone bath and evacuated on a high vacuum manifold (10-4 torr), and 
50 mL of THF was vacuum transferred. The flask was allowed to warm to room 
temperature, and stirred for 18 h in the dark. At this time, the solution was cooled in a dry 
ice/acetone bath, and the teflon plug opened to the Toepler pump. After 2 h (≈ 40 cycles), 
0.276 mmol of gas was transferred, corresponding to an 88 % yield of N2 relative to the 
theoretical yield. The volatiles were removed from the reaction vessel, and a proton NMR 
spectrum of the resulting solids revealed an 88 % conversion to 7, with 12 % conversion 
only to 6. An aliquot of the pumped gas was subjected to a GC analysis (N2 carrier gas) 
to rule out the presence of free hydrogen. Addition of 0.09 mmol additional para-
benzophenone to the reaction mixture (re-suspended in 50 mL of THF) led to complete 
conversion to 7 after stirring for 18 h. The volatiles were again removed, the solids 
collected on a frit, and washed profusely with pentanes and diethyl ether, affording a pure 
powder of 7 (0.3518 g, 96 %).
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Compound E1/2 (vs. Fc/Fc+) / V 
3 -0.38 
 0.27 
4 -0.94 
 -0.22 
 0.21 
5 -0.92 
 -0.10 
6 -0.38 
 -2.43 
 
Table 1. Cyclic voltammetry data for complexes 3-6. Experimental parameters: 0.4 M 
[nBu4N][PF6], 0.5 mM analyte. Reversible peaks revealed no scan-rate dependence. Scan 
rate = 100 mV/s. The working electrode was glassy carbon, with Pt as the auxiliary. 
 
 
Figure 1. Cyclic voltammetry of 3 (bottom) and 4 (top). 
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Figure 2. UV-Vis spectra of 5 and 6, in THF. 
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Figure 3. Displacement ellipsoid (50%) representation of 3. Hydrogen atoms, solvent 
molecules, and the minor components of the disorder have been ommitted for clarity. 
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Table 2.  Bond lengths [Å] and angles [°] for  3. 
______________________________________________________________________________________  
Fe(1)-N(4)  1.978(2) 
Fe(1)-N(1)  2.028(3) 
Fe(1)-N(3)  2.030(2) 
Fe(1)-P(2)  2.2202(8) 
Fe(1)-P(1)  2.2477(9) 
Fe(1)-P(3)  2.2610(8) 
Fe(2)-N(3)  1.999(2) 
Fe(2)-N(4)  2.023(2) 
Fe(2)-N(2)  2.026(3) 
Fe(2)-P(6)  2.2369(9) 
Fe(2)-P(4)  2.2472(8) 
Fe(2)-P(5)  2.2695(8) 
N(1)-N(2)  1.465(3) 
N(1)-H(1N)  0.870(17) 
N(1)-H(2N)  0.861(17) 
N(2)-H(3N)  0.899(17) 
N(2)-H(4N)  0.875(17) 
N(3)-N(4)  1.429(3) 
N(3)-H(5N)  0.892(17) 
N(4)-H(6N)  0.875(17) 
N(4)-Fe(1)-N(1) 80.10(10) 
N(4)-Fe(1)-N(3) 41.74(10) 
N(1)-Fe(1)-N(3) 86.30(10) 
N(4)-Fe(1)-P(2) 108.66(8) 
N(1)-Fe(1)-P(2) 88.40(7) 
N(3)-Fe(1)-P(2) 150.39(7) 
N(4)-Fe(1)-P(1) 98.98(8) 
N(1)-Fe(1)-P(1) 176.49(7) 
N(3)-Fe(1)-P(1) 95.27(8) 
P(2)-Fe(1)-P(1) 88.69(3) 
N(4)-Fe(1)-P(3) 158.62(8) 
N(1)-Fe(1)-P(3) 95.77(8) 
N(3)-Fe(1)-P(3) 117.42(7) 
P(2)-Fe(1)-P(3) 92.08(3) 
P(1)-Fe(1)-P(3) 86.30(3) 
N(3)-Fe(2)-N(4) 41.62(10) 
N(3)-Fe(2)-N(2) 80.30(10) 
N(4)-Fe(2)-N(2) 86.76(10) 
N(3)-Fe(2)-P(6) 111.12(8) 
N(4)-Fe(2)-P(6) 152.71(8) 
N(2)-Fe(2)-P(6) 89.19(7) 
N(3)-Fe(2)-P(4) 97.84(8) 
N(4)-Fe(2)-P(4) 92.42(7) 
N(2)-Fe(2)-P(4) 177.94(8) 
P(6)-Fe(2)-P(4) 90.69(3) 
N(3)-Fe(2)-P(5) 157.18(8) 
N(4)-Fe(2)-P(5) 116.34(8) 
N(2)-Fe(2)-P(5) 94.47(8) 
P(6)-Fe(2)-P(5) 90.87(3) 
P(4)-Fe(2)-P(5) 87.58(3) 
N(2)-N(1)-Fe(1) 113.21(17) 
N(2)-N(1)-H(1N) 105(2) 
Fe(1)-N(1)-H(1N) 125(2) 
N(2)-N(1)-H(2N) 105(2) 
Fe(1)-N(1)-H(2N) 106(2) 
H(1N)-N(1)-H(2N) 100(3) 
N(1)-N(2)-Fe(2) 111.89(17) 
N(1)-N(2)-H(3N) 111(2) 
Fe(2)-N(2)-H(3N) 118(2) 
N(1)-N(2)-H(4N) 103(2) 
Fe(2)-N(2)-H(4N) 108(2) 
H(3N)-N(2)-H(4N) 104(3) 
N(4)-N(3)-Fe(2) 70.10(14) 
N(4)-N(3)-Fe(1) 67.15(13) 
Fe(2)-N(3)-Fe(1) 115.53(12) 
N(4)-N(3)-H(5N) 109(2) 
Fe(2)-N(3)-H(5N) 120(2) 
Fe(1)-N(3)-H(5N) 119(2) 
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N(3)-N(4)-Fe(1) 71.11(14) 
N(3)-N(4)-Fe(2) 68.29(14) 
Fe(1)-N(4)-Fe(2) 116.84(12) 
N(3)-N(4)-H(6N) 103(2) 
Fe(1)-N(4)-H(6N) 118(2) 
Fe(2)-N(4)-H(6N) 117(2) 
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Figure 4. Displacement ellipsoid (50%) representation of 4. Hydrogen atoms, solvent 
molecules, and the minor components of the disorder have been for clarity. 
 
13 
 
Table 3. Select bond lengths [Å] and angles [°] for 4. 
______________________________________________________________________________________ 
N(1)-N(1)#1  1.446(10) 
N(1)-Fe(1)#1  1.980(5) 
N(1)-Fe(1)  2.026(5) 
N(1)-H(1)  0.901(18) 
N(2)-N(2)#1  1.456(11) 
N(2)-Fe(1)  2.047(5) 
N(2)-H(2B)  0.897(18) 
N(2)-H(2C)  0.883(18) 
Fe(1)-N(1)#1  1.980(5) 
Fe(1)-P(3)  2.206(2) 
Fe(1)-P(2)  2.2278(16) 
Fe(1)-P(1)  2.2398(18) 
N(1)#1-N(1)-Fe(1)#1 70.5(3) 
N(1)#1-N(1)-Fe(1) 67.2(3) 
Fe(1)#1-N(1)-Fe(1) 116.3(2) 
N(1)#1-N(1)-H(1) 121(4) 
Fe(1)#1-N(1)-H(1) 124(4) 
Fe(1)-N(1)-H(1) 118(4) 
N(2)#1-N(2)-Fe(1) 110.8(3) 
N(2)#1-N(2)-H(2B) 108(4) 
 
 
 
Fe(1)-N(2)-H(2B) 94(4) 
N(2)#1-N(2)-H(2C) 114(4) 
Fe(1)-N(2)-H(2C) 118(4) 
H(2B)-N(2)-H(2C) 110(6) 
N(1)#1-Fe(1)-N(1) 42.3(3) 
N(1)#1-Fe(1)-N(2) 79.07(19) 
N(1)-Fe(1)-N(2) 86.1(2) 
N(1)#1-Fe(1)-P(3) 110.04(16) 
N(1)-Fe(1)-P(3) 151.78(15) 
N(2)-Fe(1)-P(3) 94.40(18) 
N(1)#1-Fe(1)-P(2) 98.77(14) 
N(1)-Fe(1)-P(2) 90.15(14) 
N(2)-Fe(1)-P(2) 176.15(17) 
P(3)-Fe(1)-P(2) 89.33(7) 
N(1)#1-Fe(1)-P(1) 156.73(16) 
N(1)-Fe(1)-P(1) 116.23(15) 
N(2)-Fe(1)-P(1) 92.17(16) 
P(3)-Fe(1)-P(1) 91.97(7) 
P(2)-Fe(1)-P(1) 88.64(6) 
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Figure 5. Displacement ellipsoid (50%) representation of 5. Hydrogen atoms, solvent 
molecules, and the minor components of the disorder have been ommitted for clarity. 
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Table 4. Select bond lengths [Å] and angles [°] for 5. 
________________________________________________________________________ 
Fe(1)-N(1)                                     1.882(8) 
Fe(1)-N(2)#1  2.034(9) 
Fe(1)-N(2)  2.049(8) 
Fe(1)-P(2)  2.252(3) 
Fe(1)-P(3)  2.273(3) 
Fe(1)-P(1)  2.291(3) 
N(1)-N(1)#1  1.283(15) 
N(1)-H(1)  0.88(2) 
N(2)-Fe(1)#1  2.034(9) 
N(2)-H(2A)  0.92(2) 
N(2)-H(2B)  0.91(2) 
N(1)-Fe(1)-N(2)#1 81.2(3) 
N(1)-Fe(1)-N(2) 82.2(3) 
N(2)#1-Fe(1)-N(2) 74.5(4) 
N(1)-Fe(1)-P(2) 97.4(2) 
N(2)#1-Fe(1)-P(2) 95.5(2) 
N(2)-Fe(1)-P(2) 169.9(3) 
N(1)-Fe(1)-P(3) 90.3(3) 
N(2)#1-Fe(1)-P(3) 170.6(2) 
N(2)-Fe(1)-P(3) 100.4(3) 
P(2)-Fe(1)-P(3) 89.61(10) 
N(1)-Fe(1)-P(1) 174.5(3) 
N(2)#1-Fe(1)-P(1) 99.7(2) 
N(2)-Fe(1)-P(1) 92.9(2) 
P(2)-Fe(1)-P(1) 87.87(10) 
P(3)-Fe(1)-P(1) 88.37(11) 
N(1)#1-N(1)-Fe(1) 118.6(2) 
N(1)#1-N(1)-H(1) 116(6) 
Fe(1)-N(1)-H(1) 123(6) 
Fe(1)#1-N(2)-Fe(1) 98.3(4) 
Fe(1)#1-N(2)-H(2A) 114(6) 
Fe(1)-N(2)-H(2A) 119(6) 
Fe(1)#1-N(2)-H(2B) 106(7) 
Fe(1)-N(2)-H(2B) 120(6) 
H(2A)-N(2)-H(2B) 99(9) 
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Figure 6. Displacement ellipsoid (50%) representation of 6. Hydrogen atoms, solvent molecules, 
and the minor components of the disorder have been ommitted for clarity. 
 
Table 5.  Bond lengths [Å] and angles [°] for  6. 
_____________________________________________________________________________________________  
Fe(1)-N(1)  1.884(4) 
Fe(1)-N(4)  1.972(4) 
Fe(1)-N(3)  1.980(4) 
Fe(1)-P(2)  2.2480(13) 
Fe(1)-P(1)  2.2641(13) 
Fe(1)-P(3)  2.2950(12) 
Fe(2)-N(2)  1.889(4) 
Fe(2)-N(3)  1.975(4) 
Fe(2)-N(4)  2.005(4) 
Fe(2)-P(6)  2.2356(12) 
Fe(2)-P(5)  2.2403(12) 
Fe(2)-P(4)  2.2875(13) 
N(1)-N(2)  1.281(5) 
N(1)-H(1N)  0.929(18) 
N(2)-H(2N)  0.919(18) 
N(3)-N(4)  1.458(5) 
N(3)-H(3N)  0.915(15) 
N(4)-H(4N)  0.878(15) 
N(1)-Fe(1)-N(4) 84.20(17) 
N(1)-Fe(1)-N(3) 82.78(17) 
N(4)-Fe(1)-N(3) 43.30(15) 
N(1)-Fe(1)-P(2) 85.43(13) 
N(4)-Fe(1)-P(2) 160.31(11) 
N(3)-Fe(1)-P(2) 118.65(12) 
N(1)-Fe(1)-P(1) 99.25(14) 
N(4)-Fe(1)-P(1) 107.62(11) 
17 
 
N(3)-Fe(1)-P(1) 150.78(12) 
P(2)-Fe(1)-P(1) 90.54(5) 
N(1)-Fe(1)-P(3) 168.08(14) 
N(4)-Fe(1)-P(3) 100.61(11) 
N(3)-Fe(1)-P(3) 93.21(11) 
P(2)-Fe(1)-P(3) 86.68(4) 
P(1)-Fe(1)-P(3) 89.74(4) 
N(2)-Fe(2)-N(3) 81.78(17) 
N(2)-Fe(2)-N(4) 83.46(16) 
N(3)-Fe(2)-N(4) 42.97(15) 
N(2)-Fe(2)-P(6) 91.93(13) 
N(3)-Fe(2)-P(6) 156.66(11) 
N(4)-Fe(2)-P(6) 114.16(11) 
N(2)-Fe(2)-P(5) 91.25(12) 
N(3)-Fe(2)-P(5) 113.04(12) 
N(4)-Fe(2)-P(5) 155.89(11) 
P(6)-Fe(2)-P(5) 89.44(5) 
N(2)-Fe(2)-P(4) 179.00(13) 
N(3)-Fe(2)-P(4) 97.70(12) 
N(4)-Fe(2)-P(4) 96.75(11) 
P(6)-Fe(2)-P(4) 88.88(5) 
P(5)-Fe(2)-P(4) 88.17(5) 
N(2)-N(1)-Fe(1) 122.2(3) 
N(2)-N(1)-H(1N) 119(3) 
Fe(1)-N(1)-H(1N) 118(3) 
N(1)-N(2)-Fe(2) 123.6(3) 
N(1)-N(2)-H(2N) 126(3) 
Fe(2)-N(2)-H(2N) 110(3) 
N(4)-N(3)-Fe(2) 69.6(2) 
N(4)-N(3)-Fe(1) 68.1(2) 
Fe(2)-N(3)-Fe(1) 114.71(18) 
N(4)-N(3)-H(3N) 110(2) 
Fe(2)-N(3)-H(3N) 120.5(11) 
Fe(1)-N(3)-H(3N) 119.4(11) 
N(3)-N(4)-Fe(1) 68.6(2) 
N(3)-N(4)-Fe(2) 67.4(2) 
Fe(1)-N(4)-Fe(2) 113.75(17) 
N(3)-N(4)-H(4N) 121(2) 
Fe(1)-N(4)-H(4N) 123.4(10) 
Fe(2)-N(4)-H(4N) 121.2(10) 
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Figure 7. Displacement ellipsoid (50%) representation of 7. Hydrogen atoms, solvent molecules, 
and the minor components of the disorder have been ommitted for clarity. All three N positions 
are shown. 
 
Table 6. Bond lengths [Å] and angles [°] for 7. 
_____________________________________________________________________________________________  
Fe(1)-N(3)  1.794(9) 
Fe(1)-N(2)  1.835(3) 
Fe(1)-N(1)  1.858(3) 
Fe(1)-P(2)  2.3278(9) 
Fe(1)-P(1)  2.3332(9) 
Fe(1)-P(3)  2.3707(9) 
Fe(1)-Fe(2)  2.7392(7) 
Fe(2)-N(3)  1.770(9) 
Fe(2)-N(2)  1.804(4) 
Fe(2)-N(1)  1.855(3) 
Fe(2)-P(4)  2.3063(10) 
Fe(2)-P(5)  2.3192(9) 
Fe(2)-P(6)  2.3204(9) 
N(1)-H(1N)  0.817(14) 
N(2)-H(2N)  0.867(14) 
N(3)-H(3N)  0.910(15) 
N(3)-Fe(1)-N(2) 48.7(4) 
N(3)-Fe(1)-N(1) 74.4(4) 
N(2)-Fe(1)-N(1) 78.70(15) 
N(3)-Fe(1)-P(2) 87.2(3) 
N(2)-Fe(1)-P(2) 95.82(12) 
N(1)-Fe(1)-P(2) 159.70(10) 
N(3)-Fe(1)-P(1) 149.9(4) 
N(2)-Fe(1)-P(1) 102.35(12) 
N(1)-Fe(1)-P(1) 112.28(10) 
P(2)-Fe(1)-P(1) 87.95(3) 
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N(3)-Fe(1)-P(3) 120.7(4) 
N(2)-Fe(1)-P(3) 168.46(12) 
N(1)-Fe(1)-P(3) 94.26(9) 
P(2)-Fe(1)-P(3) 87.66(3) 
P(1)-Fe(1)-P(3) 88.75(3) 
N(3)-Fe(1)-Fe(2) 39.5(3) 
N(2)-Fe(1)-Fe(2) 40.73(11) 
N(1)-Fe(1)-Fe(2) 42.42(9) 
P(2)-Fe(1)-Fe(2) 123.68(3) 
P(1)-Fe(1)-Fe(2) 126.90(3) 
P(3)-Fe(1)-Fe(2) 129.03(3) 
N(3)-Fe(2)-N(2) 49.6(4) 
N(3)-Fe(2)-N(1) 75.1(4) 
N(2)-Fe(2)-N(1) 79.59(15) 
N(3)-Fe(2)-P(4) 108.3(4) 
N(2)-Fe(2)-P(4) 157.75(12) 
N(1)-Fe(2)-P(4) 98.30(10) 
N(3)-Fe(2)-P(5) 94.0(3) 
N(2)-Fe(2)-P(5) 92.00(12) 
N(1)-Fe(2)-P(5) 168.93(10) 
P(4)-Fe(2)-P(5) 86.74(3) 
N(3)-Fe(2)-P(6) 164.3(4) 
N(2)-Fe(2)-P(6) 114.83(11) 
N(1)-Fe(2)-P(6) 102.15(10) 
P(4)-Fe(2)-P(6) 87.34(3) 
P(5)-Fe(2)-P(6) 87.87(3) 
N(3)-Fe(2)-Fe(1) 40.1(3) 
N(2)-Fe(2)-Fe(1) 41.61(11) 
N(1)-Fe(2)-Fe(1) 42.51(9) 
P(4)-Fe(2)-Fe(1) 125.48(3) 
P(5)-Fe(2)-Fe(1) 126.91(3) 
P(6)-Fe(2)-Fe(1) 128.96(3) 
Fe(2)-N(1)-Fe(1) 95.07(14) 
Fe(2)-N(1)-H(1N) 132.4(12) 
Fe(1)-N(1)-H(1N) 132.3(12) 
Fe(2)-N(2)-Fe(1) 97.66(17) 
Fe(2)-N(2)-H(2N) 133.2(12) 
Fe(1)-N(2)-H(2N) 128.8(12) 
Fe(2)-N(3)-Fe(1) 100.4(4) 
Fe(2)-N(3)-H(3N) 130.9(14) 
Fe(1)-N(3)-H(3N) 128.6(14) 
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